This strong quantitative correlation, in addition to our failure to find any other defects, including defects in the germ plasm, suggests that those few nuclei that successfully silence transcription in the pole buds of ⌬gcl embryos (as shown by loss of H5 staining) are those which will form the few functional pole cells. This implies that establishing transcriptional quiescence is a necessary step for pole cell formation; however, further experiments will be necessary to prove this type of causal relationship between transcriptional silencing and pole cell formation.
Since the H5 stainings indicated that pole bud nuclei in ⌬gcl embryos fail to become transcriptionally silent, we speculated that we should therefore be able to see misexpression of specific gene transcripts in these nuclei. We examined the expression of two genes that are transcribed at this time, sisterless A (sisA) and sisterless B (sisB). These transcripts are ubiquitiously expressed in nuclei as early as nuclear cycle 8 but are repressed in pole bud nuclei [15] (Figures 2B and 2F) . By using whole-mount in situ hybridization, we found that sisA ( Figures 2D and 2H) and sisB (not shown) transcripts are present not only in somatic nuclei, but also in the 3), and this decrease indicates that GCL is sufficient to repress transcription ectopically. However, the anterior 145 nuclei). However, in 50% of the ⌬gcl embryos, none expression of GCL clearly does not lead to complete of the pole bud nuclei displayed reduced H5 staining silencing of the anterior nuclei, since some H5 staining (n ϭ 20 embryos). This correlates well with the observed persists.
48% of ⌬gcl embryos with no pole cells at the blasto-
The reduced H5 staining observed in the anterior of derm stage [6] . Of the total number of ⌬gcl pole bud the hgb embryos could be due to global partial represnuclei counted, only 11.9% had reduced H5 staining sion of all genes, or it could result from a specific subset (n ϭ 194 nuclei), indicating transcriptionally silenced of genes being severely repressed while others are unafnuclei. After pole cell formation, each pole cell then fected. To distinguish between these possibilities, we divides between 0 and 2 times, so the total number examined the expression of specific genes whose exof transcriptionally silenced pole bud nuclei cannot be pression pattern includes the anterior of the embryo, compared directly to the number of pole cells observed including sisA, sisB, tailless, huckebein, hunchback, and in ⌬gcl embryos. However, since 11.9% of the pole bud knirps. These genes are all independently activated by nuclei are silenced, we would therefore expect a reducmaternally contributed factors, so any effects on their tion to a similar percent in the number of pole cells transcription are likely to be direct rather than a consequence of an earlier defect. By using in situ hybridizain ⌬gcl embryos compared to control embryos. Since tion, we found that the early anterior expression domains reporter genes driven by the strong Gal4-VP16 activator cannot activate in the early germ cells. If only specific of sisA, sisB, tailless, and huckebein were severely regenes are repressed, it is unlikely that a novel transgene pressed in all of the hgb embryos examined (Figure 4; would be repressed by the same silencing mechanism, see figure legend for expression details; sisB not shown), thereby arguing that there is widespread repression of but no effect was seen on hunchback and knirps exprestranscription in early pole cells. Furthermore, observasion (not shown). These data suggest that the transcriptions of pole cell nuclear morphology, which we have tionally repressive effect of GCL is not global, but rather shown to be mediated by GCL, suggest a more global specific to a subset of genes. GCL is also present in a mode of silencing than our current studies. scriptional activation of sex-lethal is dependent on the two genes we have shown to be repressed in the germ plasm by GCL, sisA and sisB [15]; this finding hints that sex-lethal is a key gene that must be silenced in the early pole cells in order for them to achieve their proper developmental fate.
Work from our lab and others on a mouse homolog of Drosophila gcl further suggests a specific, rather than global, mode of repression for GCL. We found that mgcl-1, a functional homolog of gcl, is highly expressed in spermatocytes [19] at a time when transcriptional activity in these cells is high [20]. de la Luna et al. [21] found that mGCL physically interacts with the DP3␣ subunit of E2F. They show that mGCL can inhibit progression through the cell cycle by repressing the E2F transcription factor, possibly due to its sequestration at the nuclear envelope. This work demonstrates a mechanism of transcriptional repression for a specific set of genes -those that are transcriptionally controlled by E2F. However, it is unclear at this point whether this specific role for GCL occurs in Drosophila, since GCL does not bind to Drosophila DP (J.L.L. and T.A.J., unpublished data), the only apparent isoform of this protein in the Drosophila genome.
While we do not know the mechanism by which GCL accomplishes transcriptional silencing, interesting parallels in budding yeast, S. cerevisiae, suggest a possible The gcl mutant line has been described in [6] . The hgb line is derior expression domain, but not in the anterior where GCL is present. scribed in [7] . Through the end of the syncytial blastoderm stage, these genes were consistently repressed in hgb embryos. sisA and tll were reImmunocytochemistry pressed to undetectable levels, whereas hkb occasionally had faint Collections (0-to 3-hr) of embryos were fixed and immunostained anterior staining (always less than control embryos), which is consisas previously described to be transcriptionally repressed is small, since removal Previously, we used the H5 antibody to stain ⌬gcl embryos after pole cell formation, found no H5 staining in the pole cell nuclei, of only one gene can cause rescue. Furthermore, tran-
